We analyze residual spectra of 3 K blackbody radiation (CMB) using non-extensive thermostatistics with a parameter q − 1. The limits of |q − 1| < 1.2 × 10 −5 and the temperature fluctuation |δT | < (1.6 ∼ 4.3) × 10 −5 are smaller than those by Tsallis et al. Moreover, analyzing the monopole spectrum by a formula including the chemical potential µ, we obtain the limits |q − 1| < 2.3 × 10 −5 and |µ| < 1.6 × 10 −4 . |q − 1| is comparable with the Sunyaev-Zeldovich effect y.
Introduction
Very recently, it was reported [1] that there is a similarity between the blackbody radiation law (i.e., the Planck distribution) and X-ray spectrum. An interesting experimental investigation for this was carried out in [2] .The authors cited several papers related to the non-extensive formulas for the Planck distribution [3, 4, 5] . More useful information on non-extensive thermostatistics is found in Ref. [6] . The present study is relating to the non-extensive formulas used in the description of the 3 K blackbody radiation (cosmic microwave background (CMB)) [3] .
The essence of Ref. [3] is given as follows: The Planck distribution is expressed as
where x = hν/kT ; h, k and T are the Planck's constant, the Boltzmann's constant and the temperature, respectively. c is the speed of the light. The non-extensive formula for the Planck distribution is computed as
(q−1)
1 − e −x − x 2 1 + 3e
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where (q − 1) is named the non-extensive or Tsallis parameter.
The authors of Ref. [3] analyzed the residual spectrum of the 3 K blackbody radiation (CMB) reported by the NASA COBE Collaboration in 1994 [7] , which can be called the first residual spectrum. The residual spectrum is computed as follows:
In their analyses, they utilized Eq. (3) with Eq. (1), and the following formula for the temperature fluctuation in Eq. (1),
where δT is the temperature fluctuation (a constant number) and T = T CMB . Our confirmation of their analysis and our analysis are shown in Fig. 1 . Plastino et al. [4] , also used Eq. (3) to estimate the parameter (q − 1) in the analysis of 3 K blackbody radiation.
It is noteworthy mentioning the non-extensive formula in the dilute gas approximation [5] . The BoseEinstein distributions in that approximation is computed as,
Moreover, on the basis of the assumption of a g-on gas, Ertik et al [8] obtained the following expression with the Mittag-Leffler (ML) function. (See also [9] .)
where On the other hand, the NASA COBE Collaboration published the residual spectrum computed from the full COBE data in 1996 [10] . Hereafter we call it the second residual spectrum. Of course, the second one is different from that in 1994 [7] . Moreover, the Collaboration released their data on monopole spectrum of CMB on their web site in 2005. We summarize the various sources of the spectra reported by the NASA COBE Collaboration [7, 10, 11, 12] in Table 2 . (See also Refs. [13, 14, 15, 16] .) Thus, our purpose of this paper is to analyze the second residual spectrum reported in 1996 and the monopole spectrum released in 2005, by means of Eqs. (1), (3), (4), (5) and (6).
This paper is divided in to following paragraphs. In the second paragraph, we summarize data sources by the NASA COBE Collaboration with an explanation on the chemical potential µ and the Sunyaev-Zeldovich (S-Z) effect y [14, 15, 16] . In the third paragraph, we analyze the monopole spectrum [12] as well as residual spectrum by means of non-extensive thermostatistics. We should mention the roles of the dimensionless chemical potential µ and of the Sunyaev-Zeldovich effect y [14, 15, 16, 17, 18] introduced in Table 2 . The former describes the distortion of the Planck distribution for the cosmic microwave background. The latter is reflecting the influence due to scattering of hot electrons with the CMB photons.
The dimensionless chemical potential µ introduced in the Planck distribution Eq. (1) is necessary in describing the Compton scattering γ + e − ⇋ γ + e − in an early Universe, because the number of photons is conserved in that scattering.
where BE stands for the Bose-Einstein distribution. This calculation is also performed in Eqs. (5) and (6) . The Sunyaev-Zeldovich (S-Z) effect is given as 
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where l, n e , σ T and T e are the size of the hightemperature region in the Universe, the number density of electrons, the cross section of Thomson scattering and temperature of electron, respectively. See footnote 1 . Their limits (|µ| and |y|) presented in Table 2 are estimated in terms of the following formula for the description of the monopole spectrum:
From the analysis of the monopole spectrum with Eq. (10), we obtain the following values: T = 2.7250 ± 4 × 10 −5 K, µ = (−2.6 ± 5.6) × 10 −5 and y = (1.6 ± 4.8) × 10 −6 (χ 2 /NDF = 44.9/41), i.e., |µ| < 1.4 × 10 −4 and |y| < 1.1 × 10 −5 (95% CL). The second residual spectrum on the 3 K blackbody radiation (CMB) is shown in Fig. 2 . The utilized values are taken from those in Table 2 .
Analyses of monopole and residual COBE spectra by means of non-extensive thermostatistics
Since the monopole spectrum of CMB is presented in [12] , we are able to analyze it by means of Eqs. (1)- (3) . In the present analysis, the temperature can be determined with the CERN MINUIT program. Our results are shown in Figs. 3 and 4 and Table 3 . 1 Notice that the S-Z effect is related to the temperature fluctuation ∆T (x) (a function of x) through the Kompaneets equation [14, 18] :
where U Planck /(8πhν 3 /c 3 ) = u.
As we use U (NETD II) /(8πhν 3 /c 3 ) (Eq. (5)), we obtain a more complicated expression as follows: [3] . Notice that the same errors appear in the second column, because of a sign of "failure" in the CERN MINUIT program. Table 4 are chosen. χ 2 /NDF = 51.6/41.
It is found that in the analysis of the monopole spectrum of CMB by Eqs. (1)- (4) that the temperature T and δT in Eq. (4) cannot be determined at the same time.
(See the second column in Table 3 .) On the other hand, the non-extensive parameter (q − 1) and temperature T are determined simultaneously.
The shape of the solid line (the sum of two magnitudes attributed to (q − 1) and δT ) in Fig. 4 can be compared with that of the S-Z effect in Fig. 2 .
Moreover, we analyze the monopole spectrum by means of Eqs. (5) and (6) . In those cases, the CMB temperature T CMB , the chemical potential µ, the nonextensive parameter (q−1) and/or the fractional parameter (α−1) are all determined simultaneously. Our results are summarized in Table 4 .
Finally, it should be stressed that, when an additional factor, i.e., the temperature fluctuation Eq. (4) is included in Eq. (5), the four parameters cannot be determined as far as the CERN MINUIT program is utilized.
Concluding remarks and discussions
From the above mentioned studies, we summarize several remarks (R1-R3) and, moreover add to the discussions (D1-D4).
R1)
First of all, we analyze the second residual spectrum of 3 K blackbody radiation (CMB) [10] by means of Eq. (3) (U (NETD I) ) [3] . For the non-extensive parameter (q − 1), we obtain |q − 1| < 1.2 × 10 −5 ∼ 4.2 × 10 −6 , which is somewhat smaller than that in Table 1 (Ref. [3] ).
Concerning the temperature fluctuation |δT | in Table 3, we obtain the limit 4.3×10 −5 ∼ 1.6×10 −5 which is 
2.72502 ± 3 × 10 
R2)
When we simultaneously take into account of the dimensionless chemical potential µ [7, 10, 16, 17, 18] and the non-extensive parameter |q − 1| [3, 4, 5] in Eq. (5) (U (NETD II) ), we obtain the following inequality, |µ| > |q − 1|.
The limit |µ| < 1.6 × 10 −4 is almost of the same order as that of Refs. [10, 11] .
R3)
The role and magnitude of the fractional parameter (α − 1) in Eq. (6) (U (NETD III) ) are similar to those of the non-extensive parameter (q − 1) in Eq. (5). This is seen in Table 4 . However, the magnitude of (α − 1) is three times larger than that of (q − 1).
D1)
It is worthwhile examining the normalization of the Planck distribution in Eq. (1) [3] : Provided that the magnitude of the distortion in the space-time is finite, events including a little Big Bang in high energy heavyion collisions are expected.
